In southwestern Mexico, Late Cretaceous to Early Tertiary deformation has been generally associated with the Laramide orogeny of the Cordillera. Several alternative models consider the deformation to result from the accretion of the Guerrero terrane, formed by the Zihuatanejo, Arcelia, and Teloloapan intraoceanic island arcs, to the continental margin of the North American plate. Here, we present a detailed geologic and structural study and new 40 Ar/ 39 Ar and U-Pb ages for a broad region in the centraleastern part of the Guerrero terrane that allow the accretion model to be tested. In the Huetamo-Ciudad Altamirano part of the region, an almost complete CretaceousPaleogene succession records the transition from an early Cretaceous shallow-marine environment to continental conditions that began in Santonian times, followed by the development of a major continental Eocene magmatic arc. Folding of the marine and transitional successions signifi es a shortening episode between the late Cenomanian and the Santonian, and a subsequent, out-of-sequence, coaxial refolding event in Maastrichtian-Paleocene time amplifi ed the previous structures. A major left-lateral shear zone postdates the contractional deformation, and it passively controlled the geographic distribution of Eocene silicic volcanism. Minor transcurrent faulting followed.
INTRODUCTION
Geologists have long wondered about the mechanisms responsible for orogenesis. In the case of the North America Cordillera, ridge collision and fl at-slab subduction have been recognized to be among the main processes producing orogenic deformation. Both processes are driven by the arrival of buoyant lithospheric sections of an oceanic plate in the subduction zone. Aseismic ridges, island arcs, oceanic plateaus, and clusters of seamounts can be too buoyant to be subducted and can eventually be accreted to the upper plate as allochthonous terranes. This process results in the growth of the continental crust and complex deformation of the margin. Terrane accretion has shaped part of the Cordillera, which is now formed by the juxtaposition of different blocks that have independent tectono-magmatic histories prior to the accretion (Coney et al., 1980) . A model entrenched in the geologic literature of southern Mexico considers the Laramide orogeny to be the result of the accretion of Mesozoic intraoceanic arcs to the Pacifi c margin of the North American continental plate (Campa and Coney, 1983; Lapierre et al., 1992; Tardy et al., 1994; Talavera-Mendoza and Guerrero-Suástegui, 2000; Keppie et al., 2004; Talavera-Mendoza et al., 2007) . However, the link between accretion of allochthonous terranes and the Laramide orogeny has not been discussed in detail, probably because the timing and spatial extent of this deformational event has been poorly defi ned in southern Mexico. However, stratigraphic, structural, and geochemical data allow scenarios that do not require the accretion of allochthonous terranes separated by a subduction zone from mainland Mexico (Cabral-Cano et al., 2000a , 2000b Elías-Herrera et al., 2000; Busby, 2004; Busby et al., 2005; Centeno-García et al., 2008) . In this paper, we address these questions with new stratigraphic and structural data, supported by new 40 Ar/
39
Ar and U-Pb geochronologic ages, for a key area in the central part of the Guerrero terrane in southwestern Mexico. Based on our results and a review of previous work, we discuss the applicability of the terrane accretion model in explaining Late Cretaceous and early Tertiary deformation in southwestern Mexico.
GEOLOGIC SETTING
The western and southern parts of Mexico have been considered to consist of allochthonous terranes accreted to the continental margin of North America in the Mesozoic and earliest Cenozoic (see Dickinson and Lawton, 2001; Keppie, 2004 , for a review). The Guerrero represents the largest terrane of Mexico, and it extends from the states of Sinaloa and Zacatecas, north of the Trans-Mexican volcanic belt, to Zihuatanejo and Taxco in southern Mexico ( Fig. 1) (Centeno-García et al., 2008) . It is formed by Mesozoic volcano-sedimentary successions, which have been traditionally interpreted as intraoceanic arc(s) sequences accreted to nuclear Mexico during the latest Mesozoic or the early Tertiary (Campa and Coney, 1983; Lapierre et al., 1992; Tardy et al., 1994; Talavera-Mendoza and Guerrero-Suástegui, 2000) . The Guerrero is considered to be a composite terrane, made up of distinct subterranes, the name, number, and geographic extents of which have varied in the literature. Following Talavera-Mendoza Our results indicate that the Huetamo-Ciudad Altamirano region, which has been considered part of the Zihuatanejo subterrane, was in proximity to a continent during most of the Mesozoic. We found continental recycled material at various stratigraphic levels of the Huetamo Cretaceous succession and Grenvillian inherited ages in zircons from the ca. 120 Ma Placeres del Oro pluton. More importantly, detrital zircon ages from the pre-Cretaceous basement of the Huetamo succession (Tzitzio metafl ysch) and the pre-Early Jurassic basement of the Arcelia subterrane (Tejupilco suite) yield very similar Late Permian and Ordovician age peaks. These ages are typical of the Acatlán complex, onto which the Guerrero terrane has been proposed to have been accreted in the Late Cretaceous. Similarly, Paleozoic and Precambrian ages are reported in detrital zircons from the volcano-sedimentary successions of the Zihuatanejo, Arcelia, and Teloloapan subterranes. Models considering this part of the Guerrero terrane as having formed by intraoceanic island arcs separated by one or more subduction zones cannot explain the ubiquitous presence of older continental material in the Mesozoic succession. We favor a model in which most of the Guerrero terrane consisted of autochthonous or parautochthonous units deposited on the thinned continental margin of the North American plate and where the Mesozoic magmatic and sedimentary record is explained in the framework of an enduring west-facing migrating arc and related extensional backarc and forearc basins.
The results presented here exclude the accretion of allochthonous terranes as the cause for Laramide deformation and require an alternative driving force to explain the generation of the Late Cretaceous-early Tertiary shortening and shearing on the southern margin of the North American plate.
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and Guerrero-Suástegui (2000) and Talavera-Mendoza et al. (2007) , the Guerrero consists of three subterranes (Figs. 1 and 2) from east to west:
(1) The Teloloapan subterrane is characterized by an islandarc volcanic and sedimentary rock association, the petrological and geochemical features of which have been described in Talavera-Mendoza et al. (1995) . The age of the succession is Early Cretaceous based on paleontologic (radiolarian) data (TalaveraMendoza et al., 1995) and volcanic rocks, which yield U/Pb zircon ages in the range ca. 130-146 Ma (Campa-Uranga and Iriondo, 2003; Mortensen et al., 2008) .
(2) The Arcelia-Palmar Chico subterrane includes pillow lavas, pillow breccias, and hyaloclastites capped by a marine sedimentary cover, which is considered to represent either a primitive intraoceanic island arc with a backarc ocean basin (Ortíz-Hernán-dez et al., 1991; igure 1. Schematic tectonic map of the central and southern part of the Guerrero terrane and its subterranes as defi ned in Talavera-Mendoza and Guerrero-Suástegui (2000) . Inset shows the present plate boundaries, the terrane subdivisions of southern Mexico, and other tectonic elements described in the text. G-Guerrero terrane; M-Mixteco terrane; O-Oaxaca terrane; J-Juarez terrane; X-Xolapa terrane; TMVBTrans-Mexican volcanic belt.
2000; Elías-Herrera et al., 2000) or a backarc basin only (Elías-Herrera and Ortega-Gutiérrez, 1998) . The age of the sequence is Albian-Cenomanian based on 40 Ar/ 39 Ar ages of the lavas and paleontological determinations (Dávila-Alcocer and GuerreroSuástegui, 1990; Elías-Herrera et al., 2000) .
(3) The Huetamo-Zihuatanejo subterrane is interpreted as a complex assemblage made up of a Cretaceous island-arc sequence (Zihuatanejo sequence) and a backarc basin sequence (Huetamo sequence) (Talavera-Mendoza and Guerrero-Suástegui, 2000; Talavera-Mendoza et al., 2007; Centeno-García et al., 2008) .
In most cases, the proposed subterrane boundaries are buried beneath Tertiary volcanic and sedimentary deposits. Where exposed, they appear as low-angle thrust faults affecting the Mesozoic volcano-sedimentary successions. A Triassic accretionary complex (Arteaga and Las Ollas Complexes) has been considered to be the basement of the Huetamo-Zihuatanejo subterrane (Centeno-García et al., 1993 , 2008 , whereas the Late Triassic-Early Jurassic Tejupilco metamorphic suite is considered to form the basement of the Arcelia-Palmar Chico subterrane (Elías-Herrera et al., 2000) . The region studied here is located in the Huetamo-Zihuatanejo subterrane (Figs. 1 and 2), and it was chosen because of its large and complete stratigraphic record, which spans most of the Cretaceous and Paleogene (Figs. 2 and 3). We dated key rock units exposed to the north and to the east that have important implications for the geology of the studied area. These data allow us to constrain the age of the deformation and to discuss the hypothesis of terrane accretion as the cause of the Laramide orogeny. mwr204-07 1st pages
STRATIGRAPHIC FRAMEWORK
Stratigraphic and geologic data for the Huetamo-Ciudad Altamirano area are scarce in the literature (Pantoja-Alór, 1959; Campa-Uranga and Ramírez, 1979; Guerrero-Suástegui, 1997; Altamira-Areyán, 2002; Pantoja-Alór and Gómez-Caballero, 2003) , and the nomenclature and age of the main stratigraphic units are controversial. Most previous studies have focused on relatively small areas, defi ning stratigraphy at a very local scale and proposing local names for the different formations recognized. In some cases, the same name was used to refer to different formations and vice-versa. Although the stratigraphic contacts and the geometric relationships between the main stratigraphic units were correctly established in most cases, the lack of stratigraphic correlations between successions in different places has led to an incomplete understanding of the Mesozoic-Cenozoic depositional evolution of the Huetamo Basin. Comprehensive geologic mapping of the region and modern isotopic age determinations were also lacking.
In our study, we recognized a general shallowing-upward succession deposited at the western side of a sedimentary basin, characterized by an active depositional history during the Cretaceous and the early Tertiary. Based on the presence of volcanic or volcaniclastic material at several levels, this Cretaceous-early Tertiary succession was likely deposited in a backarc basin. The lateral variation of the sedimentary facies shows that the marginal basin deposits are localized in the western part of the study area, whereas pelagic rocks are distributed at the eastern side, indicating that the Cretaceous depocenter was located toward the east. Next, we present a description of the geologic units that make up the stratigraphic succession of the Huetamo-Ciudad Altamirano region. Although we used most of the stratigraphic units already recognized in the literature, we discuss and revise their use according to our fi eld observations. We present three stratigraphic columns and a section that cuts across the basin margin from the outer (western) to the inner (eastern) part, and it illustrates the lateral variation of the sedimentary facies and their spatial migration according to the relative fl uctuation of the sea level (Fig. 4) .
Río Placeres Formation
This formation was introduced by Pantoja-Alór (1990) to designate a sequence of metasedimentary rocks that crop out discontinuously between the small villages of Pinzan Morado, Los Alacranes, and Las Pilas in the central part of the region (Fig. 3) . It consists of gray to violet slates and phyllites, alternating with quartz-rich metasandstones and few decimetric-scale levels of recrystallized black limestones. Sandstones and phyllites have developed a foliated texture, shown by elongated quartz ribbons and the iso-orientation of white micas and tremolite-actinolite amphiboles along surfaces parallel to the bedding planes. Quartz clasts are characterized by undulate extinction, subgrain domains, and pervasive grain boundary migration, suggesting signifi cant plastic deformation of the crystals' lattice and recrystallization. Foliation developed as a continuous cleavage in the fi nest lithologic terms and is space disjunctive in the coarser parts, varying from anastomosing to moderately rough using the Twiss and Moore (1992) classifi cation. The original stratigraphic position of this formation is unknown, because a 2000-m-thick sequence of volcanic rocks covers any relation with the Cretaceous succession. Pantoja-Alór and Gómez-Caballero (2003) suggested a pre-Late Jurassic age for this formation based on a tentative stratigraphic correlation with the Varales lithofacies of the Arteaga Complex, which is exposed ~150 km to the west (Fig. 1) , and which has a reported Triassic age (Campa-Uranga et al., 1982) . In their review of the Guerrero terrane, Centeno-García et al. (2008) grouped the Río Placeres Formation and the low-grade metamorphic fl ysch in the core of the Tzitzio anticline with the Arteaga Complex. Ages for detrital zircons from the Tzitzio metafl ysch reported in Talav era-Mendoza et al. (2007) and herein support this correlation.
Angao Formation
Pantoja-Alór (1959) originally introduced this formation to describe a sequence of marine clastic rocks made up of sandstone, shale, and polymictic varicolored conglomerate, cropping out in the core of the San Lucas anticline (Fig. 3) . Subsequently, CampaUranga (1977) reported some basaltic lava with pillowed structure interbedded in the clastic sequence of the Angao Formation. Guerrero-Suástegui (1997) presented a detailed lithostratigraphic description of the Angao Formation, which is described as being composed of conglomerate, sandstone, and shale, with lesser amount of volcanic rocks. The clastic fraction is dominated by volcanic fragments (basalt, andesite, and minor tuff and dacite), with lesser amounts of clasts, limestone, and metamorphic clasts, including gneiss, schist, and metapelite (Guerrero-Suástegui, 1997). Two metric levels of pillow lavas, interbedded with the siliciclastic sediments, have been reported in the middle part of the sequence (Guerrero-Suástegui, 1997) . Pillows are 60-80 cm in diameter and are composed of aphyric basalt with tholeiitic affi nity (Talavera-Mendoza, 1993) . The lithologic assemblage of the Angao Formation was interpreted by Guerrero-Suástegui (1997) to represent proximal to distal apron deposits, in agreement with the fossil content (Pantoja-Alór, 1959; Guerrero-Suástegui, 1997) . Since the base of the Angao Formation is not exposed in the region, the total thickness is unknown. Pantoja-Alór (1959) reported a Late Jurassic age for the Angao Formation, based on the occurrence of some species of ammonites and molluscs characteristic of the Kimmeridgian-Tithonian. Later, Guerrero-Suá-stegui (1997) recognized that this Jurassic fauna was reworked and proposed an Early Cretaceous age based on late Valanginian rudists in the upper part of the sequence. The Angao Formation grades transitionally upward into the siliciclastic pelagic deposits of the lower member of the San Lucas Formation.
San Lucas Formation
The San Lucas Formation was originally defi ned by Pantoja-Alór (1959) as a marine turbiditic succession composed of mwr204-07 1st pages mudstone, shale, sandstone, conglomerate, and some interbedded biostromic limestone banks that crop out between the town of San Lucas and the Turitzio Hill, east of Zirandaro village and west of Huetamo (Fig. 3) . Based on its sedimentary characteristics, this formation was subdivided by Pantoja-Alór (1990) and Pantoja-Alór and Gómez-Caballero (2003) into the lower Terrero Prieto member and the upper Las Fraguas member. The lower member consists of a rhythmic sequence of mudstone, shale, and sandstone, in strata variable from 2 to 30 cm. The clastic fraction is composed principally of plagioclase monocrystals, with lesser amounts of quartz and volcanic lithics. The lithology and faunal association of the Terrero Prieto member suggest a pelagic deposit in an open-marine environment ( Pantoja-Alór, 1990; Pantoja-Alór and Gómez-Caballero, 2003; Omaña-Pulido et al., 2005) . The upper member is composed of thick feldspathic sandstone, and lesser amounts of brown to green mudstone and conglomerate, which conformably cover the lower member. Petrographic analysis shows that the dominant clastic component consists of plagioclase and minor quartz monocrystals. Scarce lithic fragments of andesitic and metamorphic rocks also occur. Metamorphic fragments consist of polycrystalline quartz that shows clear evidences of plastic deformation and recrystallization (e.g., grain boundary migration, undulate extinction, subgrain domains), which could be from quartzite or quartz-schist. The lithologic association and the faunal assemblage of the Las Fraguas member suggest mwr204-07 1st pages deposition in a distal deltaic fan environment (Pantoja-Alór, 1990; Pantoja-Alór and Gómez-Caballero, 2003) . The sandstones of the Las Fraguas member transition upward into the coastal deposits of the Comburindio Formation in the western part of the mapped region. In the eastern part, the early Aptian limestone of the El Cajón Formation directly overlies the Las Fraguas member in a transitional contact (Fig. 4) . Paleontological age determinations are reported from different parts of the San Lucas Formation at many sites (Pantoja-Alór, 1959; CampaUranga, 1977; Gómez-Luna et al., 1993; Guerrero-Suástegui, 1997; Omaña-Pulido et al., 2005) . Based on these data, PantojaAlór and Gómez-Caballero (2003) proposed a Berriasian-Barremian age for this formation, whereas Guerrero-Suástegui (1997) proposed a late Valanginian-late Aptian age. Recent U-Pb radiometric ages of detrital zircons from the Las Fraguas member in the eastern part span from ca. 542 to ca. 118 Ma, with a peak of ca. 126 Ma (sample Gro-09; Talavera-Mendoza et al., 2007) . Taking into account the stratigraphic position, the vertical and lateral variations in sedimentary facies, and the available paleontologic and radiometric data, the top and basal contacts of the San Lucas Formation seem to be diachronic surfaces, as is typical in aggradational and retrogradational basin systems where sedimentation is infl uenced by sea-level variations. In the eastern part of the region, the top of the San Lucas Formation was deposited during the early Aptian, as indicated by the transitional contact with the overlying limestones of the El Cajon Formation. In the western part, the distal deltaic sedimentation of the Las Fraguas member is replaced by the nearshore and shoreface deposits of the Comburindio Formation, which has a Barremian age (Alencaster and Pantoja-Alór, 1998; Pantoja-Alór and Gómez-Caballero, 2003) . This sequence clearly suggests a progressive rejuvenation of the upper contact of the San Lucas Formation toward the depocenter of the basin controlled by the lateral shift of the coastline toward the inner part of the basin during a prolonged period of marine regression (Fig. 4) . The basal contact of the San Lucas Formation crops out in a restricted area, north of the village of San Lucas, where a late Valanginian age has been established on paleontological grounds (Guerrero-Suástegui, 1997). As a late Valanginian transgressive event is required to explain the progressive deepening of the sedimentary environment, it is reasonable to expect a gradual rejuvenation of the lower contact of the San Lucas Formation toward the outer part of the basin, making the age of the San Lucas Formation variable throughout the region. In the inner part of the basin, the sedimentation age is well constrained to the late Valanginian-early Aptian interval; in the outer part, it varies from the Barremian to, probably, the Hauterivian (Fig. 4) .
Comburindio Formation
This name has been controversially used in previous works to defi ne different stratigraphic units in the Huetamo-Ciudad Altamirano region. Salazar (1973) introduced the term Comburindio Limestone to defi ne some biostromic calcareous rocks of Aptian age exposed in the surroundings of the town of Comburindio, southwest of Huetamo (Fig. 3) . Subsequently, CampaUranga and Ramirez (1979) documented limestone intercalated with the clastic succession and used the name Comburindio Formation to designate biostromic bodies and to differentiate them from the Albian-Cenomanian limestone of the Morelos Formation. In their revision of the stratigraphy of the Huetamo region, Pantoja-Alór and Gómez-Caballero (2003) redefi ned the Comburindio Formation as a thick succession of deltaic clastic sediments with some interbedded biostromic limestone banks and faunal assemblages of early Aptian age. We follow the defi nition of Pantoja-Alór and Gómez-Caballero (2003) because it best agrees with our fi eld observations. The Comburindio Formation is composed of a thick sequence of quartz-feldspathic sandstone, volcaniclastic and calcareous conglomerate, and lesser amounts of shale. The clastic fraction is mostly represented by plagioclase monocrystals and lithic fragments, mainly derived from andesitic lavas. Lesser amounts of quartz crystals and calcareous and metamorphic lithic clasts are also observed. The latter are polycrystalline quartz fragments characterized by a well-developed foliated texture and evidence of recrystallization, suggesting a quartzite or quartz-schist source rock. Three biostromic limestone banks interbedded with the upper part of the siliciclastic sequence crop out near Comburindio. They bear abundant faunas, including rudists, corals, ammonites and nerineids, and form outstanding morphologic rims that make them easy to distinguish from the surroundings clastic deposits. Some fossil wood has been found in the siliciclastic deposits (Pantoja-Alór and Gómez-Caballero, 2003) . One of the most characteristic features of the Comburindio Formation is the dominant reddish color of the clastic part of the sequence, suggesting prolonged subaerial exposure. The faunal assemblage of the Comburindio Formation indicates a Barremian-early Aptian age (Alencaster and Pantoja-Alór, 1998; Pantoja-Alór and Gómez-Caballero, 2003) .
El Cajon Formation
Originally introduced by Pantoja-Alór (1990) to designate a thick sequence of platform and reefal limestone previously known as the Morelos Formation (Pantoja-Alór, 1959), the El Cajon Formation crops out in a N-S-oriented belt in the eastern part of the map area (Fig. 3) . East of the village of San Lucas, the El Cajon Formation conformably overlies the San Lucas Formation and is overlain by the Mal Paso Formation in a conformable contact. Along Dolores Hill, in the northeastern part of the map area, its base conformably covers the coastal deposits of the Comburindio Formation, and its upper contact has been removed by erosion. The El Cajon Formation consists of sandy limestone, coquina of orbitolinids, bioclastic limestone with corals, rudists, and gastropods, and massive limestone with shale interlayered at the top of the succession. The carbonates contain a rudist fauna similar to that of the biostromic banks of the Comburindio Formation and caprinids of early Aptian age (Skelton and PantojaAlór, 1999 Gómez-Caballero, 2003) , as strongly supported by paleontological data and by the increase of the calcareous fraction in the coastal deposits during the early Aptian.
Mal Paso Formation
The Mal Paso Formation was introduced by Pantoja-Alór (1959) to describe a succession of marine clastic rocks and carbonates that conformably overlie the platform and reef limestones of the El Cajon Formation in the eastern part of the mapped area. Based on the lithologic assemblage and sedimentary features, Buitrón-Sánchez and Pantoja-Alór (1998) subdivided the Mal Paso Formation into a lower deltaic clastic member and an upper reef and lagoonal member. The lower member consists of a sequence of medium-to thick-bedded quartzo-feldspathic and lithic sandstone and massive polymictic conglomerate, mostly composed of cobbles and boulders of limestone. Toward the top, the sequence grades into medium-bedded red claystone, siltstone, and sandstone and an interbedded biostromic bank with abundant Toucasia (Pantoja-Alór, 1959) . Buitrón-Sánchez and Pantoja-Alór (1998) reported scarce igneous and metamorphic clasts in the conglomerate levels without specifying their lithologic type. Fossil wood and logs have been reported at various stratigraphic levels (Pantoja-Alór and Gómez-Caballero, 2003) . The reef and lagoonal member consists of calcareous quartzofeldspathic, medium-bedded gray sandstone and some intercalations of siltstone, claystone, and limestone. Toward the top, the sandstones gradually change to marl and thin-bedded argillaceous limestone, with abundant corals, gastropods, echinoids, ammonites, bivalves, and biostromic rudists. Several fossil faunal assemblages have been reported, constraining the age of the Mal Paso Formation to the early Albian-early Cenomanian (PantojaAlór, 1959; García-Barrera and Pantoja-Alór, 1991; Buitrón-Sánchez and Pantoja-Alór, 1998; Pantoja-Alór and Skelton, 2000; Filkorn, 2002) .
Cutzamala Formation
The Cutzamala Formation was introduced by Campa-Uranga and Ramirez (1979) to describe a thick succession of continental red beds widely exposed along the Cutzamala River basin, east of the village of San Lucas (Fig. 3) . It consists of a thick succession of reddish continental deposits that developed in fl uvial and fl oodplain environments (Altamira-Areyán, 2002 ). An important shortening episode during deposition makes it possible to subdivide the Cutzamala Formation into a lower folded part and an upper unfolded part. The stratigraphy of the Cutzamala Formation is intrinsically complex because deposition took place in a continental fl uvial plain environment where the drainage system was affected by lateral migration, and ongoing deformation signifi cantly affected the distribution of the sedimentation centers. Detailed chronostratigraphic and sedimentologic studies are preliminary and restricted to several areas north and east of the studied region (Altamira-Areyán, 2002) .
We use the deformational fabrics to establish the relative stratigraphy of the Cutzamala Formation, which is defi ned to consist of a thick succession of coarse-to medium-grained continental deposits, made up of reddish to gray conglomerate, sandstone, and lesser amounts of shale, with some intercalation of andesitic levels increasing toward the top of the sequence. Volcanic clasts, which are principally andesitic in composition, with lesser amounts of dacite and tuff, dominate throughout the entire succession. Shale, sandstone, limestone, and phyllite clasts derived from the underlying stratigraphic units occur in the lower part (Altamira-Areyán, 2002), whereas clasts in the undeformed upper part are characteristically from the lower part. The upper part is cut by extensive intrusive bodies that produce high-temperature-low-pressure (HT-LP) metamorphic aureoles. Recoil effects in the country rocks frequently produced quartzite characterized by grain boundary area reduction and static recrystallization of quartz.
The lower part of the Cutzamala Formation crops out in the easternmost portion of the map region, along the western margin of the Cutzamala River basin, whereas the upper part disconformably covers the folded Cretaceous succession in the northwestern portion, indicating that a signifi cant migration of the depocenter occurred after the deformation event. In the eastern portion of the region, deposits of the Cutzamala Formation overlie the calcareous sediments of the Mal Paso Formation. In our study area, the basal stratigraphic contact of the continental succession is covered or has been replaced by subvertical left-lateral faults that put it in contact with the Mal Paso Formation. However, further east, Altamira-Areyán (2002) reported that the basal contact of the Cutzamala Formation is an angular unconformity. A thick conglomerate level with limestone boulders and cobbles derived from the Mal Paso Formation at the base of the continental succession indicates that the carbonate deposits were exposed and partially eroded before continental sedimentation began.
The age of the Cutzamala Formation is not well constrained. No ages have been reported for the continental deposits cropping out in the Huetamo-Ciudad Altamirano area. At Los Bonetes canyon, ~30 km north of the map area, Benammi et al. (2005) found well-preserved dinosaur bones at three levels in the folded part of the sequence. They assigned the fossils to the Hadrosauride family, giving a Late Cretaceous age to the lower part. In the same area, Altamira-Areyán (2002) found pollen species of the Momipites microcoriphaeous and Momipites temipolus groups, the fi rst occurrence of which is Maastrichtian in age (Nicholls, 1973) . Mariscal-Ramos et al. (2005) (Fig. 5 ) from a gently folded conglomerate of the lower part of the Cutzamala Formation, 50 km north of the study area ( Fig. 2) , indicating a late Campanian age for the volcanic source (see details in following section). No data are available for the upper part of the Cutzamala Formation, but considering that the youngest age for the folded part of the continental succession is Maastrichtian and that extensive early Eocene intrusive bodies cut these strata, we suggest a Paleocene and/or earliest Eocene age for the upper undeformed part of the Cutzamala Formation.
Magmatic Rocks
The previously described sedimentary successions are intruded by the Placeres del Oro, San Jeronimo-Guayameo, and Montecillos plutons, and they are overlain by Tertiary lavas and ignimbrites. New Tables 1 and 2 .
Plutonic Rocks
The Placeres del Oro pluton crops out in the central portion of the map area, between the villages of Placeres del Oro and Santa Teresa (Fig. 3) . It cuts the lower member of the San Lucas Formation, and it is unconformably covered by Eocene lavas and ignimbrites and undeformed postmagmatic continental deposits. The pluton consists of phaneritic, holocrystalline, medium-to coarse-grained granodiorites to diorites, which are mainly composed of plagioclase + quartz + K-feldspar + biotite + hornblende + oxides. Several amphibolite xenoliths, 2-11 cm in size, occur in the granodiorite at Puente del Oro, a few kilometers south of Placeres del Oro (Fig. 3) . The pluton appears to be only weakly deformed in thin section, and undulatory extinction in quartz, mechanical twinning in plagioclase, and microkinks in biotite were observed. Reported K/Ar and Rb/Sr ages range from 79 to 115 Ma (Fries, 1962; Salas, 1972; PEMEX, 1987, in Lemos-Bustos and Fu-Orozco, 2002; Larsen et al., 1958) .
A new 40 Ar/
39
Ar age for the Placeres del Oro pluton comes from four one-step and six one-step laser fusions, respectively, on hornblende and biotite multigrain concentrates from sample M15-2-1. Individual ages are statistically undistinguishable, and the weighted mean age from each mineral is shown in Figure 5 . To facilitate the comparison of the results of the one-step experiment, pseudo-age spectra are plotted. We consider the 40 Ar/ 39 Ar age of ca. 115-116 Ma to be the best estimate for the crystallization age of the Placeres del Oro pluton. For comparison, we also obtained U/Pb zircon isotopic ages on sample MIKE 5-1-1, which was collected 15 km SW of sample M15-2-1. Forty-three single grains were analyzed using a laser spot diameter of 35 µm. Thirty-nine yielded concordant ages of 120.2 ± 2.1 Ma, which are interpreted to represent the crystallization age of the zircons. Along with the 40 Ar/ 39 Ar ages, this age indicates a relatively slow cooling rate for the pluton. Concordant ages of 1109.7 ± 93.2 and 1071.0 ± 28.1 Ma from the core of one zircon provide evidence for an inherited older component assimilated during the Early Cretaceous magmatic event (Fig. 6 ). Five grains yielding discordant ages that range from 266.1 ± 7.3 Ma to 160.3 ± 12.0 Ma defi ne a well-constrained discordia with intercepts of 120 ± 2 Ma and 1075 ± 58 Ma, which are in good agreement with crystallization and inheritance ages.
The essentially undeformed San Jeronimo-Guayameo pluton, which crops out in the western portion of the map area ( Fig. 3) , intrudes the unfolded continental red beds of the Cutzamala Formation in the northwestern part of the map area. It is extensively covered by a 1000-m-thick sequence of ignimbrites toward the south. The pluton consists of phaneritic, holocrystalline, coarse-to fi ne-grained units ranging in composition from diorite to granite. The most common assemblage is plagioclase + quartz + K-feldspar + biotite + hornblende + clinopyroxene + oxides. Pantoja-Alór (1983) reported K/Ar ages of 36 Ma and 47 Ma for the northern and southern part of the San JeronimoGuayameo pluton, respectively.
Results from a 40 Ar/
Ar age determination for sample M 15-2-4 from the southern part of the San Jeronimo-Guayameo pluton, near the village of Guayameo (Fig. 3) , are shown in mwr204-07 1st pages Figure 5 . Two step-heating experiments were performed using aliquots of plagioclase concentrates. Six and seven fractions were collected for the fi rst and the second experiment, respectively, and analysis yielded weak reproducible "U-shaped" spectrum ( Fig. 5) , the integrated ages of which are considered geologically meaningless. In both experiments, the fi rst fractions yielded ages of ca. 50 Ma, the base of the saddle yielded an age of 43.3 ± 0.5 Ma, and the last fractions when the mineral concentrate was brought to fusion showed a slightly older age. The fi fth fraction of the fi rst experiment displayed anomalous behavior that was not reproduced in the second experiment, and it has been ignored in the isochron age calculation. "U-shaped" spectra are typically interpreted as resulting from excess argon (Lanphere and Dalrymple, 1976) , when excess argon fractions are released at low and high temperatures, and normal fractions are released at intermediate temperatures at the base (Kaneoka, 1974; Harrison and McDougall, 1981) . The resulting ages of 43.3 ± 0.5 Ma and 42.8 ± 0.7 Ma from the base of the saddles for sample M15-2-4 are statistically undistinguishable and in very good agreement with the isochron age of 43.7 ± 0. Ar) i value of 303 ± 4 supports the interpretation that excess argon was incorporated into the sample. We consider the best estimate for the crystallization age to be ca. 43 Ma. We also analyzed zircons from sample MIKE 14-1-2 from the northern portion of the San Jeronimo-Guayameo pluton, near the village of San Note: Analyses were by laser-ablation multicollector inductively coupled plasma (ICP) mass spectrometry at Laser Chron Laboratory, Department of Geoscience, University of Arizona. All uncertainties are reported at the 1σ level and include only measurement errors. Systematic errors would increase age uncertainties by 1%-2%. U concentration and U/Th were calibrated relative to NIST SRM 610 and are accurate to ~20%. Common Pb correction is from 204 Pb, with composition interpreted from Stacey and Kramers (1975 
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Jeronimo (Fig. 3) . Twenty-eight single grains were analyzed with a laser spot diameter of 35 µm. All grains yielded concordant analyses that defi ne a mean age of 39.8 ± 0.6 Ma, which is interpreted as the crystallization age for this sample (Fig. 6) . The undeformed Montecillos pluton, which crops out in the north-central part of the map area in the surroundings of the village of Montecillos (Fig. 3) , cuts the upper part of the Cutzamala Formation. This pluton is composed of phaneritic, holocrystalline, medium-to fi ne-grained granite, granodiorite, and quartz-monzonite with plagioclase + quartz + K-feldspar + uralitized clinopyroxene + biotite + oxides. A reported Rb/Sr age of 115 Ma (Garduño-Monroy and Corona-Chavez, 1992) is inconsistent with the pluton intruding the unfolded part of the Cutzamala Formation. We consider this pluton to be Tertiary in age.
The granitic to tonalitic La Huacana pluton, near the village of La Huacana, outside of the map area in Figure 3 intrudes the unfolded continental red beds of the upper part of the Cutzamala Formation. To the southwest, this pluton is largely covered by an extensive Tertiary ignimbrite sequence. A three point Rb/Sr isochron age of 42 Ma has been reported for the eastern portion of the pluton (Schaaf et al., 1995) . Here, we present a 40 Ar/ 39 Ar age from sample M 18-2-3 from the easternmost portion of the pluton (see coordinates in Table 1 ). Two step-heating experiments were performed using plagioclase concentrates. Reproducible results with statistically undistinguishable age spectra and integrated ages of 34.4 ± 0.4 and 34.2 ± 0.4 Ma (Fig. 5) and a weighted mean age of 34.4 ± 0.4 Ma (SumS/[n -1] = 0.6) were produced from the last six fractions of the remarkably fl at age spectrum of the fi rst run. The second run displayed a roughly fl at pattern, except for the third step, which coincided with an abrupt increase in the 37 ArCa/ 39 ArK ratio. The age of this fraction is not geologically meaningful, suggesting that the plagioclase concentrate was not homogeneous. If we combine all of the fractions, except the outlier in the third step of the second experiment, we obtain an isochron age of 33.8 ± 0.4 Ma, which we interpret to be the best estimate for the cooling age for the Huacana pluton. U ages of the concordant and overlapping analyses. Analyses that are statistically excluded from the main cluster age are shown in dark gray. Errors, which include contribution for the standard calibration, age of the calibration standard, composition of common Pb, and U decay constant are reported to the 2σ level. Analytical data and sample coordinates are in Table 2 . Sample locations are shown in Figures 2 and 3 . MSWD-mean square of weighted deviates.
The Tingambato batholith (Fig. 2) is a large body within the Arcelia-Palmar Chico subterrane northeast of the study area. Elías-Herrera et al. (2000) Ar ages of the Arcelia-Palmar Chico succession that they report is intruded by the batholith. To resolve this inconsistency, zircons were analyzed from granitic sample TNG from the northern part of the batholith. The sample contains quartz + alkaline feldspar + plagioclase + biotite + hornblende + oxides. Thirty-nine single grains were analyzed with a laser spot size of 35 µm, obtaining concordant ages defi ning a mean age of 129.6 ± 1.1 Ma (Fig. 6) , which we consider to represent the crystallization of the sample. The age is consistent with the ca. 131-133 Ma U-Pb sensitive high-resolution ion microprobe (SHRIMP) ages obtained by Garza-González et al. (2004) in the northernmost part of the body and indicates that the rocks intruded by the batholith are older than the Arcelia-Palmar Chico succession.
Tertiary Lavas and Ignimbrites
A thick volcanic succession is exposed in the southeastern and northwestern parts of the map area (Fig. 3) . This sequence is composed of ~1500 m of mafi c to silicic massive lava fl ows and autoclastic breccias that discordantly cover the Mesozoic folded succession and the Placeres del Oro pluton. In the northwestern part of the area, the volcanic succession is in contact with the San Jeronimo-Guayameo pluton, but the stratigraphic relationship is not clear. The lavas are dominantly mafi c to intermediate in composition and have porphyritic to megaporphyritic textures, or are holocrystalline to hypohyaline. Phenocrysts are mainly plagioclase and hornblende in a matrix of plagioclase + oxides ± hornblende ± clinopyroxene ± volcanic glass. Silicic domes with a porphyritic texture characterized by phenocrysts of plagioclase and clinopyroxene in a fi ne-to very fi ne-grained matrix of plagioclase + oxides ± clinopyroxene ± volcanic glass are exposed west of Ciudad Altamirano (Fig. 3) . Frank et al. (1992) reported K/Ar ages between 43 Ma and 46 Ma for porphyritic andesites along the main road connecting Ciudad Altamirano to Zihuatanejo but did not give the exact locations of the dated samples.
Our new 40 Ar/
39
Ar data also indicate an Eocene age for these volcanic rocks. The fi rst sample (M 29-9-1) dated is from a dacitic dome, located 3 km NNW of Ciudad Altamirano (Fig. 3) . Six fractions were collected in a step-heating experiment on a plagioclase concentrate. A plateau age of 42.6 ± 0.5 Ma was defi ned by the four intermediate fractions, which represent 85.7% of the total 39 Ar released (Fig. 5) . The plateau age is in very good agreement with the isochron age of 42.9 ± 1.7 Ma calculated from the plateau fractions. We take ca. 43 Ma as our best estimate for the crystallization and cooling age of these rocks.
The second dated sample (MIKE 4-1-5) comes from Cerro Alacrán, a silicic cryptodome located ~50 km SE of Ciudad Altamirano (Fig. 2) . This subvolcanic body, which is emplaced within the Cutzamala Formation, has the morphology of a dome as the result of accumulation of magma above the neutral buoyancy level. It shows a pseudoporphyritic holocrystalline texture, and it is composed of phenocrysts of plagioclase in a microcrystalline matrix of quartz + plagioclase + oxides. Eight fractions collected from a plagioclase concentrate show a roughly fl at age spectrum that yields an integrated age of 39.1 ± 0.7 Ma. This age is statistically undistinguishable from the isochron age of 38.5 ± 0.7 Ma (Fig. 5) , and we consider ca. 38.5 Ma to be the best estimation for the crystallization age of this dome.
A 1000-m-thick ignimbrite succession crops out in the southwestern part of the study area (Fig. 3) , where it covers Eocene lavas and plutonic rocks and rests in angular unconformity over the Mesozoic folded succession. The ignimbrites are moderately to well consolidated and vary from lithic to crystalline. Crystals, which are frequently broken, are mainly plagioclase + quartz + hornblende ± biotite fl oating in a pink to white matrix of volcanic ash. Lithics are mostly angular to subrounded fragments of porphyritic lavas and fi ne-to medium-grained plutonic rocks. Pumice is frequent and, in some cases, fl attened and elongated parallel to the stratifi cation, developing an eutaxitic texture.
We determined a 40 Ar/
Ar age for sample M 15-2-3 from the base of the ignimbrite sequence (Fig. 3) . A plagioclase concentrate was separated and step-heated in duplicate experiments in which fi ve fractions were collected. The age spectra are reproducible and display a well-defi ned saddle shape indicating excess Ar (Fig. 5) . The initial age of ca. 47 Ma decreases to ca. 37 Ma, before rising again, indicating a crystallization age near 37 Ma. Ar diagram, yielding an isochron age of 36.8 ± 0.6 Ma, consistent with a best estimate of ca. 37 Ma for the age of the base of the ignimbrite succession in this area.
Postmagmatic Deposits
The continental sedimentation that followed the last Eocene magmatic episode was restricted to small local basins that formed following the deformation and magmatic activity. Five small basins have been recognized in the studied area, the largest of which developed in the surroundings of the village of Santa Teresa (Fig. 3) . The postmagmatic sedimentation is represented by moderately consolidated red conglomerates and sandstones derived from older sedimentary and magmatic units that disconformably overlie the Mesozoic-Cenozoic succession in the Huetamo-Ciudad Altamirano region.
ADDITIONAL GEOCHRONOLOGIC CONSTRAINTS
In this section, we present 40 Ar/
39
Ar ages and U/Pb ages for sedimentary units that are relevant to the Cretaceous-Tertiary stratigraphic and structural evolution of the Guerrero terrane.
The fi rst age is for an andesitic clast (sample LS 70) from a gently tilted conglomeratic bed in the lower part of the Cutzamala Formation, which forms the western limb of the Tzitzio anticline 50 km north of the study area, (Fig. 2) . Nine one-step mwr204-07 1st pages fusion experiments were conducted on a plagioclase-rich matrix concentrate. The results plot in Figure 5 as a pseudo-age spectra, showing ages in agreement within 1σ for the majority of the analyses. A weighted mean age of 73.6 ± 0.7 Ma was calculated from these analyses. The data cluster on the Ar correlation diagram, and the line calculated with eight out of nine points yields an isochron age of 71 ± 3 Ma, which is statistically indistinguishable from the weighted mean age. We consider ca. 74 Ma to be the best estimate for the crystallization of the andesitic clast.
Sample TZT is a muscovite-rich, metamorphic, fi ne-grained sandstone from a metaturbidite exposed in the core of the Tzitzio anticline west of El Devanadero (Fig. 2) . These rocks have been considered to be the basement of the Huetamo subterrane and have been correlated with the Triassic Arteaga complex (Talavera-Mendoza et al., 2007; Centeno-García et al., 2008) . Abundant elongated subrounded to elliptical rounded zircons indicate extensive transport. We dated 100 of these zircons, 93 of which produced an acceptable age. The great majority (95%) have U/ Th ratios less than 6, as expected for a magmatic origin (Rubatto, 2002) . The main population peaks are at 257, 467, and 1173 Ma, with minor Precambrian, Proterozoic, and Archean peaks (Fig. 7) . These results support the Triassic age for the Tzitzio metamorphic rocks suggested by Centeno-García et al. (2008) . Talavera-Mendoza et al. (2007) apparently dated the same rock unit (their sample GRO-12), although the coordinates of their sample location plot some tens of kilometers to the west of the Tzitzio anticline in a region covered by Tertiary volcanics. The main age peaks for zircons in their sample are comparable to ours, although they also report a peak at ca. 202 Ma.
Sample TJP is a quartz-and biotite-rich metamorphic sandstone from the Tejupilco suite collected ~10 km northwest of Tejupilco. Elías-Herrera et al. (2000) assigned a Late Triassic-Early Jurassic age to this suite and considered it to constitute the basement of the Arcelia-Palmar Chico subterrane. Talavera-Mendoza and Guerrero-Suástegui (2000) considered this suite to be part of the Early Cretaceous Teloloapan subterrane. The dated sample yielded abundant zircons with a morphology similar to those in the TZT sample. Ninety-two of 100 zircons produced acceptable ages. The overwhelming majority of the dated grains were of magmatic origin (U/Th ratios <6 in 95% of the cases). The main age population peaks at 259, 274, 471, 1000, and 1212 Ma are very similar to those of the Tzitzio sample. Talavera-Mendoza et al. (2007) also reported detrital zircons ages from the Arcelia and Teloloapan subterrane that systematically yielded Early Cretaceous age peaks. Thus, our results support the assertion that the Tejupilco metasedimentary succession is the pre-Cretaceous basement of these subterranes, as suggested by Elías-Herrera et al. (2000), but constrain the maximum age as Late Permian.
STRUCTURAL ANALYSIS
Although multiple phases of deformation have been suggested for the study region, complete and well-documented descriptions of the structures have not been presented. For example, large folds in the calcareous beds of the El Cajon and Mal Paso Formations east of the San Lucas village have been associated with the Laramide orogeny (Pantoja-Alór, 1959; Campa-Uranga, 1978; Campa-Uranga and Ramirez, 1979) , but no details on their age, kinematics, and rate of shortening have been provided. Several lateral and normal faults have been mapped by Altamira-Areyán (2002) and the Mexican Geologic Survey (Montiel Escobar et al., 2000) in the Huetamo-Ciudad Altamirano area, but the kinematics and rheology of the deformation are not addressed.
Next, we present detailed geometrical descriptions and statistical analysis of the principal structures of the region, which are depicted in the map in Figure 8 . The map shows a complex structural pattern characterized by large variations in the trend of Pb age for older (older than 1.0 Ga) zircons. In old grains, ages with >20% discordance or >10% reverse discordance are considered unreliable and were not used. Location of the samples and the complete list of ages are in Table 2 . mwr204-07 1st pages the regional structures from ~N-S in the northern part to ~E-W in the central portion. Based on kinematic compatibility, the type of deformation, and available geochronologic data, we identify fi ve main deformational events spanning from late Cenomanian to early Tertiary times.
Deformation 1: Shortening Event (Late CenomanianSantonian)
A fi rst shortening event that produced the uplift of the Mesozoic marine succession of the Huetamo region is inferred from an angular unconformity between the Mal Paso and the Cutzamala Formations reported by Altamira-Areyán (2002), and from the lower part of the Cutzamala Formation being directly in contact with marine Cretaceous rocks in the Huetamo area and with Triassic metaturbidites in the Tzitzio region (Fig. 2) . Uplift of the Mesozoic marine succession is indicated by the progressive transition from a marine to a continental environment during the early and middle Upper Cretaceous, and by the numerous clasts of marine rocks in the lower part of the Cutzamala Formation. The geometry and style of the deformation producing this uplift are diffi cult to reconstruct because of the following episodes of folding and faulting. The age of deformation is constrained between the early Cenomanian age of the upper part of the Mal Paso Formation and the 84 Ma age reported for the base of the Cutzamala Formation.
Deformation 2: E-W Shortening Event (MaastrichtianPaleocene)
The most remarkable structural features of the region are the large folds involving the Cretaceous sedimentary succession of the Huetamo Basin. The four structural profi les in Figure 9 are constructed perpendicular to the principal folds to illustrate the geometry of the deformation. The folds have centimeter to kilometer scales, inducing the formation of a very low penetrative axial plane cleavage. The folds are typically symmetrical upright, and they have vertical to subvertical axial planes and horizon- mwr204-07 1st pages tal to subhorizontal axes. The interlimb angles vary from 52° to 118°, and hinges vary from types 2C to 2F and from 1C to 1D in the visual harmonic classifi cation of Hudlestone (1973) . Scarce, asymmetrical, and moderately recumbent folds, showing a constant vergence toward the east, are also observed. The recumbent folds have interlimb angles from 45° to 70° and hinge geometries of types 2E and 2D in the classifi cation of Hudlestone (1973) . In some cases, overturned folds show local inversion of the polarity of the stratigraphic succession, as along the middle portion of the eastern fl ank of the Characo anticline ( Fig. 8 ; geologic section B-B′ of Fig. 9 ), where Cutzamala Formation continental sandstones are overlain in a steep conformable contact by the calcareous sediments of the upper member of the Mal Paso Formation. The trend of the main structures varies strongly from north to south, allowing two principal structural domains, roughly separated by the Balsas river to be defi ned:
(1) Domain 1 in the north is characterized by a rather homogeneous structural pattern with a dominant N-S trend. This region is characterized by 10 main kilometric-scale folds, the axes of which strike from N-S to NNW-SSE. A counterclockwise rotation of the N-S structures in the western part of the domain is the result of subsequent transcurrent deformation. Poles to bedding are very similar in all of the main structures and cluster symmetrically along the equator of a stereonet, refl ecting the dominant east and west dips of the fl anks of the folds. This suggests a homogeneous stress fi eld associated with east-west shortening of the Cretaceous rocks in the Huetamo Basin. Axes of the principal fold structures on the stereographic projection vary from N171 to N186, which are in very good agreement with fold axes measured in the fi eld (Fig. 9) .
(2) Domain 2, which extends from the region of the Balsas River south to the edge of the Eocene volcanic cover, displays a heterogeneous structural pattern and signifi cant lateral variations in strike of the structures. The region is characterized by three kilometer-scale folds. The structures display a sinuous trend that defi nes a sigmoidal geometry in the southern portion of the domain. In the south, the fold axes and the trend of the bedding planes show an average strike of N152, which gradually defl ects northward to a mean direction of N015 and reaches a northwest-trending direction south of the Balsas River (N134 on average). An important change in the structural trend occurs near the Balsas River, where near east-west-striking structures abruptly turn north and connect with north-south-striking structures in domain 1. We interpret this lateral variation in strike to result from a strong mechanical contrast between the Early Cretaceous Placeres del Oro pluton and the sedimentary cover. Eastwest shortening caused the sedimentary succession to behave as an incompetent matrix, whereas the intrusive body acted as a rigid bock controlling the regional fl ow fabric. This interpretation is consistent with a lack of penetrative deformation in the Placeres del Oro pluton, and it implies some decoupling between the intrusive bodies and the sedimentary succession.
The age of shortening can only be roughly constrained. Based on the fossil fauna reported by Benammi et al. (2005) Ar age of the dacitic domes, northwest of Ciudad Altamirano, which cut the folded Cretaceous succession of the Huetamo Basin. This age agrees with the ca. 43 Ma age of the undeformed felsic intrusion at San Jeronimo-Guayameo, which cuts the unfolded part of the Cutzamala Formation. Taking the undeformed part of the Cutzamala Formation as the oldest unit not involved in the D 2 shortening, and using the Paleogene age discussed previously for the base, the D 2 event is bracketed between the Maastrichtian and Paleocene.
Deformation 3: Left-Lateral Ductile Shear (Late PaleoceneEarly Eocene)
A second deformation event affected the sedimentary succession of the Huetamo-Ciudad Altamirano region. We recognized a major lineament with a NW-SE orientation running from San José Creek to Comburindio (Fig. 8 ) that is defi ned by a 20-50-m-wide, highly deformed belt of localized ductile deformation. In the northwestern portion of the study area, the Montecillos pluton (Fig. 8 ) cuts and obliterates this lineament. The deformed rocks in the lineament show a well-defi ned penetrative mylonitic foliation. The foliation along the lineament shows a smooth to moderately rough disjunctive spacing in the siliciclastic rocks to stylolites in the calcareous rocks. A stereographic projection of the poles to the foliation planes highlights the vertical to subvertical attitude and the N130 to N159 strike of the foliation planes (Fig. 10) . In thin section, the mylonitic rocks show a shape-preferred crystal orientation that is mostly produced by mechanical rotation and crystal-plastic deformation. Grain boundary migration indicates recrystallization during deformation. Stratigraphic offsets and defl ections, the trend of the mylonitic foliation, and asymmetric folds and fi sh structures from kilometer to microscopic scale along the shear zone clearly indicate a left-lateral sense of shear. A dissected limestone bank immediately west of Comburindio suggests a displacement of near 500 m along the shear zone (Fig. 3) .
Evidence for this shear zone has not been observed in the rocks east of Cerro Turitzio (Fig. 10) , but its southeastward prolongation is strongly suggested by the distribution of Tertiary magmatic rocks and the course of the Balsas River. From the La Huacana intrusion to the ESE, 14 igneous bodies line up along the projected direction of the shear zone, which is called the La Huacana-Villa Hidalgo shear zone (Fig. 11) . The alignment of the igneous centers is consistent with a major crustal weakness that facilitated magma ascent. Volcanic rocks covering the magmatic rocks show no evidence of penetrative left-lateral deformation. The drainage system also appears to be controlled by the La Huacana-Villa Hidalgo shear zone. The Balsas River, which is the largest river of southwestern Mexico, runs for some 100 km along the trace of the lineament, before being diverted westward near Cerro Turitzio (Figs. 10 and 11 ). In the northwestern part of the region, San José creek also trends NW-SE, producing a major mwr204-07 1st pages mwr204-07 1st pages erosional valley along the trace of the shear zone (Fig. 10) . A kinematically similar lineament has been reported ~70 km northeast of the La Huacana-Villa Hidalgo shear zone, running for ~200 km parallel to the coast from Cerro Purungueo to the Huautla volcanic fi eld (Morán-Zenteno et al., 2004; Ferrari et al., 2004) (Fig. 11) . Left-lateral displacements along these major shear zones can explain the counterclockwise rotation of preexisting structures, development of kilometer-scale sigmoidal geometries near Huetamo, and local bending related to drag along the trace of the shear zone. A subvertical N-S to NNW-SSE right-lateral protomylonitic shear zone along the eastern fl ank of the Characo anticline has been interpreted as a major structure associated with the transpressive deformation that produced the principal folding of the region (Altamira-Areyán, 2002). However, on the basis of the analyses here, this structure is more likely related to partial decoupling along the interface between the calcareous deposits of the Mal Paso Formation and the continental red beds of the Cutzamala Formation by counterclockwise rotation related to left-lateral shearing. Our ca. 43 Ma 40 Ar/ 39 Ar age for the oldest undeformed dacitic domes along the shear zone and the Paleocene age inferred for the continental red beds of the Cutzamala Formation, (i.e., youngest stratigraphic unit affected by penetrative mylonitic deformation) constrain this deformation to the late Paleocene or the early Eocene.
Deformation 4: Post-Early Eocene Deformation
Brittle faults affect all of the stratigraphic units in the region. On the basis of kinematics inferred from symmetrical structures on fault surfaces, the faults are subdivided into two groups. Due to the scarcity of post-early Eocene units in the region, the only constraint on the age of these faults is that both groups cut the 37 Ma ignimbrites in the southern part of the study region (Fig. 3) .
The fi rst group consists of left-lateral and right-lateral brittle faults that defi ne typical Riedel patterns, consistent with a general left-lateral shear zone parallel to the present coast (Fig. 8) . A second set of N-S-to NNW-SSE-trending right-lateral faults in the southern portion of the study area cuts Cretaceous sedimentary rocks of the Huetamo Basin and early Eocene volcanic deposits. Structures in this group are kinematically compatible with transcurrent left-lateral deformation associated with a principal NW elongation. azaro Cardenas P A C I F I C O C E A N T r a n s -M e x i c a n V o l c a n i c B e l t 
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The second group is represented by NW-SE normal faults and right-lateral reactivations of preexisting left-lateral faults. Normal faults between the villages of Coyuca and Santa Teresa in the southeastern part of the region (Fig. 8) form small grabens and semigrabens oriented parallel to the coast. Right-lateral faults along preexistent left-lateral structures clearly show more than one generation of displacement-related striae. On many fault surfaces, right-lateral kinematic indicators are superimposed on left-lateral ones. Structures in this group are kinematically compatible with right-lateral transtension associated with principal NE elongation.
DISCUSSION
The causes of the Laramide orogeny in southern Mexico are still poorly understood. A main question emerging from the stratigraphic, geochronologic, and structural data presented here is the relation between the Laramide orogeny and the accretion of allochthonous terranes to the continental margin of the North American plate, a relation that has been taken for granted by many authors. Next, we review the timing of Laramide deformation and discuss the applicability of the accretion model to explain the deformation.
Age of the Laramide Orogeny in Southern Mexico
South of the Trans-Mexican volcanic belt, the Laramide deformation involves an ~550-km-wide belt of folds and thrusts that extend from the Pacifi c coast to the Sierra de Zongolica (Fig. 12) . The trends of the structures vary from NW to NE, refl ecting a crustal heterogeneity on a regional scale. The chronology and spatial distribution of the deformation show a progressive eastward migration of shortening with time (De Cserna et al., 1980; Nieto-Samaniego et al., 2006; Cerca et al., 2007) . Laramide deformation occurred in the middle Eocene in the Zongolica and western Veracruz Basin, before the Bartonian in the Acatlán-Oaxacan block, during the Maastrichtian-Paleocene in the eastern part of the Guerrero-Morelos platform, and in the Santonian-Campanian in the west (Cerca et al., 2007 , and references therein). The age of deformation in the Arcelia-Palmar Chico region is poorly defi ned, but must postdate the ca. 93 Ma 40 Ar/ 39 Ar age of the Palmar Chico lavas (Elías-Herrera et al., 2000) .
The main shortening structures in the Huetamo area are the Maastrichtian-Paleocene folds of the D 2 event. However, earlier late Cenomanian-Santonian D 1 regional deformation and uplift are supported by indirect evidence, as discussed already. Pre-D 2 folds cannot be clearly recognized in the marine Cretaceous succession, suggesting that D 1 and D 2 folds were coaxial. As such, the shortening structures of the study area can be interpreted as the sum of two folding events characterized by parallel axes and axial planes (type 0 of Ramsay, 1967) , in which D 2 folding only amplifi ed D 1 structures. The late Cenomanian-Santonian age inferred for the D 1 phase is compatible with eastward migration of the contractile Laramide front. Between the Guerrero-Morelos platform and the Teloloapan subterrane, the beginning of Laramide shortening and uplift has been constrained by the deposition of the syntectonic marine turbidites of the Mexcala Formation (Hernández-Romano et al., 1997; Perrilliat et al., 2000) . We propose that the continental deposits of the Cutzamala Formation may represent the westward equivalent of the Mexcala Forma- mwr204-07 1st pages tion, and may date the uplift related to Laramide shortening in the study area. The D 2 folding phase (Maastrichtian-early Paleocene) occurred when the Laramide deformation front was in the eastern part of the Guerrero-Morelos platform, i.e., ~200 km east of Huetamo. In this framework, the D 2 contractile structures are out-of-sequence folds that developed in the hinterland during the eastward migration of the deformation front. In accord with this, Salinas-Prieto et al. (2000) and Cabral-Cano et al. (2000b) observed two, almost coaxial phases of deformation with opposite vergence in the region east of our study area. The deposition of the upper unfolded part of the Cutzamala Formation marks the end of the contractile regime and the beginning of the early Tertiary shearing deformation in the Huetamo area.
Nature of the Guerrero Terrane in Southwestern Mexico
Many previous workers have considered the Mesozoic volcano-sedimentary succession of southwestern Mexico in terms of allochthonous terranes, represented by one or more oceanic island arcs and related sedimentary basins developed concurrently with a more or less prolonged period of subduction toward the west (Campa and Coney, 1983; Lapierre et al., 1992; Tardy et al., 1994; Talavera-Mendoza and Guerrero-Suástegui, 2000; Keppie, 2004) . Some models propose two or more subduction zones with opposite vergence during mid-Jurassic to Early Cretaceous times (Dickinson and Lawton, 2001; Talavera-Mendoza et al., 2007) . All of these models require the complete consumption of one or more oceanic plate(s) and a change in subduction polarity to arrive at the present plate confi guration. The idea of accretion of allochthonous terranes to nuclear Mexico was introduced to explain the apparent lateral incompatibilities of the volcanosedimentary successions of southwestern Mexico, and it requires fi rst-order diffuse or discrete crustal deformation belts (sutures) at the inferred edges of the accreted terrane. However, evidence for such sutures has not been reported. On the contrary, where exposed, the inferred boundaries of the composite Guerrero terrane are low-angle thrust faults without ophiolite associations. This is the case, for example, in the Teloloapan thrust system, which was originally considered the eastern boundary of the Guerrero terrane (Campa and Coney, 1983) . Published geologic cross sections depict these structures as a typical thin-skinned deformation with a subhorizontal geometry just a few kilometers from the surface (Montiel Escobar et al., 1998; Salinas-Prieto et al., 2000; Cabral-Cano et al., 2000a, 200b ).
In the model of Talavera-Mendoza and Guerrero-Suástegui (2000), Centeno-García et al. (2003 , 2008 , and Talavera- Mendoza et al. (2007) , the study area would be entirely within the Huetamo-Zihuatanejo subterrane, which would be bounded by the Arcelia-Palmar Chico subterrane a few kilometers east of Ciudad Altamirano (Fig. 2) . According to these authors, the subterrane boundary would represent a suture between two different island arcs separated by a subduction zone. This boundary would not be observable, since it would be covered by the post-tectonic Cutzamala Formation and Eocene volcanic rocks (Figs. 1 and 2) .
Indirect evidence for a boundary between the Huetamo and Arcelia subterrane has come from geochemical data. Based on major-and trace-element analyses, the magmatic suite of the Arcelia subterrane has been interpreted as a heterogeneous complex composed of an immature intraoceanic island arc and a related backarc basin (Talavera-Mendoza and Guerrero-Suá-stegui, 2000). The huge granitoid Tingambato batholith that intrudes the westernmost part of the Arcelia-Palmar Chico subterrane (Fig. 2) is clearly the result of arc magmatism. However, the ca. 129 Ma U-Pb age reported here and the ca. 131-133 Ma SHRIMP age of Garza-González et al. (2004) demonstrate that this batholith is part of the Teloloapan arc. Taking these data into account, we envision the Arcelia-Palmar Chico as a backarc basin that opened in the western part of the Teloloapan arc during a westward migration of arc volcanism (see Fig. 13 ).
If an intraoceanic arc existed in the Arcelia-Palmar Chico subterrane, a subduction zone must have existed to the west in Albian times (e.g., as depicted in Fig. 7 in Talavera-Mendoza et al., 2007) , which would later become a subterrane boundary. The existence of such a subterrane boundary between Huetamo and Arcelia is diffi cult to defend in light of our results that show a good match between the ages of detrital zircon populations from the basements of the Huetamo and Arcelia-Palmar Chico subterranes (TZT and TJP samples, respectively, Fig. 7) . The main peaks are in the Late Permian, Ordovician, and Grenville. The Ordovician peak is of particular importance as it has been found in the Acatlán complex of the Mixteco terrane (Talavera- , which is the continental block immediately to the east of the Guerrero terrane (Fig. 1) . These peaks in detrital zircon ages are also similar to those reported by Centeno-García et al. (2005) for the Triassic siliciclastic successions of Arteaga and Zacatecas in the Guerrero terrane, as well as those of nuclear Mexico to the east (Sierra Madre terrane).
There is also abundant evidence of a continental signature in the Late Jurassic to early Tertiary sedimentary and volcanic rocks of the Guerrero terrane. The Cretaceous siliciclastic succession of the Huetamo Basin documents a dominantly volcanic source, likely derived from the arc magmatic rocks that are widely exposed in southwestern Mexico. An older continental source is documented by metamorphic quartz-rich clasts from pervasively deformed and recrystallized rocks in various levels of the stratigraphic succession. Also, the U-Pb ages obtained for some inherited zircons from the Placeres del Oro pluton indicate the assimilation of Grenvillian zircons directly from older continental basement or from recycled material in the Mesozoic sedimentary succession. Similar indications are found in other regions of the Guerrero terrane. Elías-Herrera et al. (1996) and Elías-Herrera and Ortega-Gutierrez (1997) reported peraluminous granulitic and gneiss xenoliths in the Eocene subvolcanic body of Pepechuga, north of Tejupilco, in the western part of the Teloloapan subterrane. Centeno-García et al. (2003) reported clasts derived from polydeformed metamorphosed quartz-rich sandstones, gneiss, and two mica-granitoid rocks in the Posquelite conglomerate along the Pacifi c coast in the eastern Zihuatanejo mwr204-07 1st pages subterrane. Talavera-Mendoza et al. (2007) documented Paleozoic and Grenville ages in detrital zircons in samples interbedded with volcanic rocks of the Arcelia, Teloloapan, and Zihuatanejo subterranes (their samples Gro-01, -04, -06, -08 and, -11). In the Zihuatanejo area (sample Gro-11), the age spectrum shows abundant Paleozoic and Precambrian peaks that are only partly similar to the Tzitzio and Tejupilco samples. However, TalaveraMendoza et al. (2007) recognized the Arteaga complex and its Jurassic intrusive bodies as the source for these zircons, tying the Zihuatanejo area to the same continental source, as documented by Centeno-García et al. (2008) . Finally, a Proterozoic and Precambrian inheritance has been reported in magmatic zircons from volcanic rocks from the Teloloapan and Guanajuato subterranes (Mortensen et al., 2008) .
The recognition of a pre-Mesozoic continental component in the magmatic and sedimentary successions of southwestern Mexico has important implications for the Mesozoic-Cenozoic reconstruction of the southern margin of the North American plate. The ubiquitous presence of metamorphic clasts and xenoliths, as well as of Paleozoic and Precambrian xenocrystic zircons, often with similar age peaks, in the Huetamo-Zihuatanejo, Arcelia, and Teloloapan subterranes is hard to explain by models that interpret them as the remnants of intraoceanic island arcs separated by one or more trench systems (Campa and Coney, 1983; Lapierre et al., 1992; Tardy et al., 1994; Talavera-Mendoza and Guerrero-Suástegui, 2000; Dickinson and Lawton, 2001; Keppie, 2004; Talavera-Mendoza et al., 2007) . In our view, the whole region between the Guerrero-Morelos platform and the Huetamo-Zihuatanejo region was located on or in proximity to the North America continental margin at least since the early Mesozoic. Our data confi rm the recent proposal by Centeno-García et al. (2008) , who stated that the pre-Jurassic basement of the Guerrero terrane was a thick submarine siliciclastic turbidite succession that accumulated on the western B) Accretion of insular arcs built (Tardy et al., 1994 ) partly on oceanic crust and partly on continental blocks A) Accretion of intraoceanic insular arcs (Campa and Coney, 1983) Pre 
